PHORETIC COPULATION IN HYMENOPTERA 
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Abstract 

In several groups of wasps, including incinbers of the families Betliylidac, Tipliii- 
dae, and ^lutillidac, it is known that the males carry the wingless females about sus- 
pended from their genitalia for considerable periods of time. The mechanics of such 
phoretic copulation have not previously been studied in detail. On the basis of 
museum specimens pinned in copiilo, the method of locking of the genitalia is dis- 
cussed in a bethylid (Apcncsia nitidci) and in two thynnine tiphiids ( DiniorpJwtliynniis 
hacniorrhoidalis and Ehiphroptcra scoliacfoniiis) . These three forms show striking 
differences in the modifications of the male and female genitalia, confirming the belief 
that phoretic copulation has evolved several times independently. All examples occur 
in families in which the females are adapted for burrowing in the soil or in wood. 
Evidently .some elements in these families underwent a loss of wings as a further 
adaptation for hypogaeic life. Several of these stocks independently evolved phoretic 
copulation, at least partially removing the major disadvantage in flightlessness, namely, 
decreased capacity' for dispersal. 



It lias long been known that in certain groni)s of wasps (in all of which 
the females are wingless and smaller than the males) the sexes remain 
in copulo for a considerable ])eriod of time, the males carrying the females 
about suspended from their genitalia ( hdgs. I, 5). It has been assumed 
that more than coj)ulation is involved, that this prolonged attachment serves 
in carrying females to feeding sites (at least in the Thynninae ) and in 
aiding in the dispersal of the species ( Hnrrell, 1935; Dnran-^Ioya. 1941 ). 
The females in ([uestion are highly modified for burrowing through soil 
or rotting wood in search of their hosts: the legs are relatively short, stout, 
and sjiinose : the thorax has various reductions associated with loss of 
wings: the ocelli are absent and the eyes reduced in size or even vestigial. 
In some cases the males are known to lly at a considerable height and to 
carry the females for more than an hour, so it is not unlikel}' that they do 
at times scatter the females in such a way that they will find new local 
populations of their hosts or, given suitable wind currents, cross physical 
harriers that the females alone would rarely surmount. 

’ ^Museum of Comj)arativc Zoology, Harvard Eiiivcrsity, Cambridge, ^lass. 02138. 
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Phoretic copulation is l)est known in the Ti))hiidac, especially in the 
1'hvnninae (Janvier, 1953 ; Given, 1954) hut also in the 5lyrniosinae 
(Kroinbein, 1956). It has also been re])orted in the genus Tiumlla of the 
Mutillidae (Linsley, I960j and suggested for the genera Pristoccra and 
IPssoniplialiis of the l>ethylidae ( Kvans. 1994). All of these are \vas])s 
that attack insects occurring in the soil or in wood and exhibiting a decid- 
edlv spottv distribution dependent upon a ])articnlar substrate. 44iynninae 
attack scarabaeid larvae, Pristoccra the larvae of Elateridae ( wireworins ) , 
M\rn'iosinae the larvae of ground-nesting bees and wasps, and Timulla 
e\ identlv both wasp and scarabaeid larvae. These groups of wasps are not 
closelv related, and one wonders whether they have evolved similar mecha- 
nisms of fastening the genitalia. In fact, how is it ])ossible to achieve so 
firm an interlocking that the male is able to carry the female for long 
periods with no other grasp? How is disengagement brought about? Is 
phoretic copulation a uniciue phenomenon, or can ]:)recedents be found 
among wasps that are fully winged in both sexes? Wdiat can the study 
of copulating pairs teach us about the function of various parts of the 
genitalia ? 

Before attempting to answer these questions, it will be necessary to 
examine representative pairs in detail, for in fact no one has studied the 
phoretic mechanism on more than a superficial level. The material avail- 
able to me consists of museum specimens, dried and mounted on pins, and 
the muscles and other soft parts are not preserved. These pairs remained 
together after being killed, with no evident change in the manner of at- 
tachment. By relaxing and softening them it is pos.sible to learn a great 
deal about the interlocking mechanisms, but study of the behavioral aspects 
of co])ulation as well as of s])ecimens preserved in a good muscle fixative 
will he needed to provide complete answers. The available material be- 
longs to the Bethylidae and to two tribes of Thynninae. 



Phoretic co])ulation in the bcthylid wasp Apnirsia nifida ( Kiefifer). Fio. 1. — A 
pair as preserved, the male (left') liaving been mounted on a minuten nadeln. Fig. 2. 
—Attachment of the male and female enlarged and after drawing the two apart 
slightly. The male (left) is dorsuin-u]), the pygostyles being appendages of the 
apical tergite. The female (rigid) is venter-up; structures enclosed by tlie apical 
sternite of the female are shown as dashed lines. The apical, lateral margins of die 
last tergite and sternite of the male are omitted for tlie sake of clarity. Fig. 3. — Sting 
ai)i)aratus of female after dissection from the body (dorsal aspect, sting and sting 
sheaths uppermost). FTg. 4. — Male genitalia as seen in dorsal view still attached to 
the apical sternite of the female, the parts located beneath the sternite being shown 
by dashed lines. 
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Bethylidae 

The cases of prolonged co])nlation in flight I reported in 1964 were 
based on indirect evidence in a few species of Pristocera and Dissomphalus, 
More recently I have obtained better evidence from a different genus of 
the same subfamily, Pristocerinae. Throughout this subfamily the females 
are wholly apterous, depressed, short-legged, and often blind or nearly so, 
in general admirably adapted for entering wood or soil in search of their 
hosts (often, perhaps always, the larvae of Coleoptera). The new material 
consists of two ])airs of Apcncsia nitida (Kieffer) taken on a recent expe- 
dition of the American Museum of Natural klistorv to South America. 
Both i>airs are labeled Holi^’ia : l)e])t. l^>eni, Rio Itenez, IMmpa de Meio, 
IX-1 1-I3-1964 ; J. K. Houseman, J. Pussenhoj) Collectors. I do not 
know how the specimens were collected, hut the fact that one of them was 
covered with le])idopterous scales suggests that they may have been taken 
in a light trap. 

The male of this sjjecies is 4-5 mm long and is dark l)rown in color: 
1 redescribed the male from the type in my revision of Apcuesia (Evans, 
1963), and later provided additional locality data and a figure of genitalia 
( Evans, 1966a). The female is only 2.5 mm long and is light yellowish 
brown ; it is ai)parently lilind, although a smooth inters])ace between the 
large })unctures near the liase of the mandibles may represent a vestigial 
ommatidium. This is not only the first instance of an American .ipnicsia 
taken in copula, but the first female . Ipcncsia from South American known 
to science (although 42 species are known from males). Doubtless the 
females are hy])ogaeic, jierhaps emerging briefly at nigbt to mate and to 
seek new hosts. 

Each pair of . ipnicsia nitida is mounted with a minuten nadeln through 
the thorax of the male, the female being suspended from the j^osterior end 
of the male in an inverted ])osition ( I'ig. I ). The attachment of the two 
is broad, and the parameres and other jiarts of the male genitalia are not 
visible externally. One assumes that this position is assumed by the male 
mounting the female dorsally, both individuals facing in the same direction 
(the most common copulatory posture in was])s), and that u])on the male’s 
taking Bight the female simply fli])s backward into a venter-uj) jiosition. 

I jdaced one pair in a relaxer for 24 hours and then transferred it to 
\iV/( KOll for two hours. I then ])laced it in 50% alcohol and gently 
lifted the a])ical tergite of the male to reveal the small jwgostyles and the 
large, trifid ])arameres, the latter embracing the apical sternite of the female 
like a three-fingered hand on each side (Pigs. 2, 4). J then tried to ])ull 
the niale and female a])art, but without success, as the union was very 
firm indeed. Further dissection revealed that the apices of the volsellae 
gras[)ed the edge of the apical sternite of the female like a pair of small 
])incers, while the aedoeagus extended deep inside the female just above 
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and closely parallel to the J lere it was held tightly in place by a 

pair of sclerotized. pigmented structures suggesting the retinacnlnni of 
Colleinbola, which T shall call the aedoeagal clasps. Only after consid- 
erable dissection and manipulation was 1 able to separate the aedoeagns 
from the clasps, ddiese clas])s evidently arise from the sting sheaths just 
basad of the apical section and are directed mesad ( bdg. 3 ) ; they arise 
from weaklv sclerotized bases and the nature of their articulation and 
musculature (if any) cannot he determined in this material. 

1 was sur])rised to find that the aedoeagns assumed cpiite a different 
form than previously described. 1 had previously figured it as considerably 
shorter and more compact and comt)lex ( Ivvans, 1966a, fig. 3). Tt is 
evidently capable of being driven forward by movements of the transverse 
rods at the base of the genital capsule and their associated muscles : when 
this occurs various parts ajjparently slide against one another and some 
of them jiroject well beyond the apices of the yiarameres. Inirthermore, the 
extended aedoeagns is constricted at the yioint of attachment to the aedoeagal 
clasjis and expanded beyond : jiresumably the somewhat serrated margins 
of this ajfical expansion yilay a role in jnishing through the clas])S or in 
holding it fast. So far as T know, such aedoeagal clas]xs have not pre- 
viously been described, nor has it been appreciated that the aedoeagns is 
capable of such great extension and change of form. One would like to 
know, of course, whether it resumes its usual form following copulation : 
if not, it is possible that some of the supposed species differences in the 
aedoeagns may merely represent i^ostcopulatorx' changes in shape. It is 
interesting to note that in most genera of l>ethylidae the aedoeagns is of 
very sini])le form (see iM'gures in Evans, 1964) : highly complex aedoeagi 
occur principally in Pnsfoccru , Dissoin phalits, and .1 poicsia : j)recisely the 
genera in which phoretic copulation has been reported. 

Thynninae 

I’horelic copulation aj)parently occurs in all members of the large 
tiphiid subfamily Thynninae ( I exclude the genus Diauima, which is some- 
times placed in a separate subfamily). The females are invariably con- 
siderablv smaller than the males and not only have the usual reductions 
in the eyes and in thoracic structures but sometimes have reductions in 
the mouthparts: the males, in turn, often have modifications of iheir 
mouth])arts and head capsule which enable them to feed the females (Given. 
1954). Given’s discussion and sketches indicate that, in the Australian 
s])ecies he studied, the female is attached to the male in a ])osition the 
reverse of that in Apcucsia: that is, the female extends behind the male 
in a dorsum-u]) position or the bodies of the male and female form a loop 
so that the female is beneath the male in a venter-up ])osition. l^tudy of 
museum specimens pinned In copiilo suggests that this is indeed the usual 



E N TO I O LO( ; 1 C A 1 . N 1^: W' s 



118 



[I\[ay, lQr)Q 



condition in Australian species but not in all South American s])ecies (as 
discussed further in a later ])arai4'ra])h ) . 





Phoretic copulation in the thynnine wasp Diniorpliothyiwiis hacmorrhoidalis 
(Guerin), hdo. 5. — A pair preserved dry, male (left) mounted on a pin. Fig. 6. — 
Dorsal aspect of end of female ab(U)men (above) to which male genitalia (below) are 
still attached. Fig. 7. — Attachment of male (left) and female (right) in lateral view 
after drawing the two ajiart slightly. Both are dorsum-up ; structures located within 
the apical segment of the female are shown by dashed lines. Margins of female ler- 
gites and sternites are omitted for the sake of clarity. 

F"or purposes of this study 1 scdccted a pair of DimorphoHiynniis 
hacmorrhoidalis ((uieriii), a member of the tribe Rhagi^asterini. The 
pair was collected in Geraldton, WT\stern yVnstralia, by V. J. Darlington, 
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Jr., in October 19v31. In this ])air tlie female is siis])cn(le(l downward and 
forward in the venter-to-venter position coninion to most Tlivnninae (Fig. 
5). Tlie apical sternite (siihgenital plate) of the male has a concave 
up])er surface and a large, hook-sha])ed terminal spine, fitting closely 
against the ajiical sternite of the female. The very large jiarameres em- 
brace the last two tergites, tlie grasp enhanced by hruslics of stiff setae. In 
dorsal view, it can he seen that the inner margin of the parameres fits the 
margin of the pygidial plate closely (Fig. 7). The jiair was relaxed and 
treated in KOI I. and with teasing 1 was able to draw the male and female 
apart as shown in Figure 7, the extension resulting from a tearing of the 
membrane at the base of the male genitalia, for the latter remained firmly 
attached to the female. In this sjiecies the apical ]>rocesses of the volsellae 
are not hook-like hut in the form of elongate folds which are rough on 
their inner faces; ap])arently these folds embrace the margin of the apical 
segment of the female ( f ig. 6). The aedoeagus is a simple shaft which is 
cur\'ed uj) shar])lv and somewhat attenuate on tlie apical half : it is no- 
extensihle and only slightly flexible. Its basal )>art appears to he held 
against the sternite hy tlie sting a])i)aratus. the lateral plates holding it on 
each side and a small, transverse jdiragma (not figured) holding it from 
above. The sting itself forms a loop, against which the outer part of the 
aedoeagus fits closelw As in all the forms studied, the sting is somewhat 
withdrawn and does not extend much beyond the a])ical segment of the 
female. 

In contrast to Af^encsia, the genitalia of DUnorphothyumis have ob- 
viously been rotated 280 degrees, so that the \ entral surface is uppermost ; 
this is clearlv shown by the jiosition of the volsellae. 1 would assume that 
the male mounts the female from above in the usual manner, inserting the 
genitalia and causing them to lock into ])lace ; however, instead of merely 
tli])ping hack into a venter-u]) ]iosition. the female twists 180 degrees so 
that her dorsum is projected from the dorsum of the male (Fig. ? ). \\ hen 

this occurs the male genitalia rotate on their basal membrane. Such a 
rotation has been described for some of the Chilean Thynninae by Duran- 
Moya (FHl), who however coinjiares them with the Stro])handria in the 
sawfhes, a groui) in which rotation of the genitalia occurs prior to eclosion. 
In l)wiorpholh\nnus and in many other genera of Thynninae, co])ulating 
pairs are found to have the male genitalia imerted and to he attached to 
the male’s body primarily by a twisted membrane, while non-copulating 
males have the genitalia uninverted. In DinwrphoiJiymuts the locking 
device appears to consist of the rigid, angulated aedoeagus. held not by 
aedoeagal clasi)s similar to those of .Ipcncsui hut by ])arts ot the sting 
apparatus itself : the tensile strength of the aedoeagus. combined with the 
application of the volsellar folds and the three-sided grasp provided h\ 
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the large jjaranieres and the snl:)geiiital plate, forms a very hrm attachment 
indeed. Because of the inversion of the male genitalia and the body of 
the female, the aedoeagiis is below the sting rather than above it as in 
Apcnesia, although the two stnictures retain the same mor])hological 
relationshi]). 

Perusal of museum material reveals that many (if not all) Australian 
Thvnninae copulate with the females in a dorsum-u]) position, as do many 
South American forms (the subfamily is confined to those two continents). 
J lowever, certain South American s])ecies co])ulate with the female in a 
venter-u]j ])Osition. Janvier ( 19 vX\ \). 2 d(S ) has ])rovided an excellent 
photograi)h of Elaphroptcra uujripciuiis Smith (tribe Thynnini ) resting 
on a hush. A pair of this s|)ecies in tlie collection of the Museum of Com- 
parative Zoology, ])inned through the body of the male, remains in exactly 
the pose figured by Janvier. Several jiairs of C. scoliacfonuis (llaliday) 
are also preserved in the some ])Ose, the female being suspended venler-u]) 
but her body somewhat coiled, in the shape of a I . T relaxed one ])air 
of tliis species, from Dalcahue, Chiloe, Giile, collected by Luis Pena in 
lanuarv, 1962 , and jiresent here a sketch (big. S) and a few comments 
on the manner of attachment. 



apical basal pracesses apex of d 

tergite d of aedaeagus aedoeagus 




Fig. 8, Attaclmicnl of male (left) and female (right) hlapJiroptcra scoliac- 
jormis (Haliday) (Thyiininae), slightly drawn apart. Drawn from museum speci- 
mens, somewhat simplified. 

The male of this species ])Ossesses heavily sclerotized jiarameres 
fringed with setae, as in the preceding exani])le. d hey embrace the sides 
of the pygidiiim much as in Diniorphothyiuins, although in this case the 
pygidium is ventral. The suhgenital plate of the male is not unlike that 
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of Dimorphothy units, altlioiigh with a iniicli smaller apical spine : rather 
than ])ressing against the sternnin it fits over the pygiclial ])late. I'he 
apical stcrnite of the female is hood-shaped, and its posterior opening has 
a broad, sclerotized rim through which the aedoeagns is thrust. The 
volsellae, liowever, remain outside this rim, the longer ]>air of appendages 
appearing to fit into slots toward the lower part. 

The aedoeagns itself is so comjilex as to defy descrijition. The 
greater ])art of it is in the form of a long, somewhat coiled tlagellum 
(which Janvier has figured and aptly compared to the tongue of a lej)i- 
dopteran). At its base, the aedoeagns is exjianded and has various proc- 
esses, one jiair of which is large, fla])-like, and directed back toward the 
base of the genitalia. These evidently jiush against the sclerotized rim 
of the sternite from the inside, while a second pair of hook-like processes 
ajipears to make a connection with the base of the sting ap])aratus. The 
sting itself is small and located close against the pygidial plate, far from 
the aedoeagns. 

Ifvidently the locking effect is produced by jiressure of the volsellae 
against the sternal rim from the outside o|)])osed to that from the inside 
provided bv the reversed flaps of the aedoeagns ; the second pair of hook- 
like aedoeagal processes may provide added attachment to the sting appa- 
ratus. The whip-like part of the aedoeagns plays no obvious role in the 
locking mechanism ; it may penetrate dee])ly into the s])ermatlieca, but the 
latter was not ])reserved in this dried material. Obviously this mechanism 
would re])av much further study. Judging from Janvier’s and Duran- 
iMoya's figures, several species of ElapJiroptcra have genitalia of this basic 
type, but differing in details. In the |>air of E. nigripcunis before me, the 
a]fical volsellar lobes are very large, h(jok-shaped, and ctirve uj) so as to 
embrace the outside of the expanded margin of the apical sternite of 
the female. 

Discussion 

In the examples considered here, and ])robably in most I lymenoptera, 
the basic function of the major elements in the male genitalia remains the 
same : the ])arameres embrace the otitside of the apical segment of the 
female, the volsellar processes (digitus and cuspis ) are associated with 
holding the margin of the apical .segment, and the aedoeagns is thrust 
deeply into the female, its tip ])resumabl}' in or near the spermathecal 
opening. 1'he sting of the female is retracted, though at other times 
caj)al)le of great extension, i)robably by “taking up the slack" produced by 
the liasal loop. 

^Vasps exhibiting phoretic copulation liave evolved modifications (M* 
both sexes so as to ])rovide a remarkably firm interlocking. In the forms 
studied, the female showed the following specializations: (I) ]>aired. 
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sclerotized aedoeagal clasps arising from the base of the sting sheaths 
{.Ipcncsia ) , (2) median and lateral flanges of the sting apparatus, serving 
to hold the aedoeagus against the arching sternite (Dhnorphoth\nnus) , 
(vl ) a broad, sclerotized rim closing oft* a large part of the genital opening 
(Elaphroptcra, and developed to varying degrees in most Thynninae). 
In the males, the volsellar processes assume various forms, serving either 
as clas])s {Apcncsia ) , as embracing folds ( DiuiorphotJiyumis ) , or as struts 
( Elaphroptcra ) . The aedoeagus may he (1 ) extensible and with a con- 
striction along its shaft (Apoicsia), (2) rigidly angnlate (Diiuorpho- 
fliymiiis), or (d) whip-like hut with complex Ijasal processes, one pair of 
which is directed hasad (Elaphroptcra) . 

\\*hether or not other Hethylidae will he found to possess modifications 
similar to those of Apcncsia remains to he seen. In the Thvnninae, a 
scanning of museum material as well as the figures of Duran-Mova ( 1941 ), 
Salter (1958), and others, suggests that in this group the interlocking 
mechanisms assume many different forms. In fact, the many curious 
modifications of the male and female terminalia in this group are without 
parallel in any other group of was[)s known to me. It is also remarkable 
that in most (hut not all) genera, the male genitalia twist 180 degrees, 
apparently after locking with the female has been achieved. This rotation 
liermits the female to feed readily if transported to a source of food by 
the male (since she is venter-down) or to he fed by the male in anv of 
several ways, since she is able to bend up toward the venter of the male. 
The structural and heha\ioral adaptations for feeding described by Given 
( 1954) could not liave evolved had not the male genitalia develo])ed the 
caj:)acity to rotate. Presumably Elaphroptcra represents a stock of 
Thynninae in which failed to develoj) the capacity to rotate the genitalia. 

Two imj)ortant (juestions cannot he answered : ( 1 ) how is se])aration 
effected? and (2) do the male genitalia return to their original orientation 
following copulation ? There is no evidence that the male genitalia break 
away from his body as they do in the honeybee, so it must he assumed 
that unlocking is possible. i\ruseiim specimens not taken iu copula always 
apjjear to have normal, uninverted male genitalia, so it is ])rohahle that 
these structures do resume their normal orientation (or do the males die 
after co])ulating ? ) Burrell (1955) rej3orted that certain female Thynninae 
simj^ly “drop to the ground,” sometimes while the male is fixing more 
than ten feel high, hut no one has described how se])aration occurs. In 
the case of rlpcncsia. se])aration would seem to he fairly simple if, in fact, 
the aedoeagal clasps are musciilated, hut how tlie com])lex aedoeagus of 
Elaphroptcra is withdrawn through the sternal rims of the female is much 
more difficult to visualize. 
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It is interesting- to speculate as to the ])ossible origin of ]>horetic copula- 
tion. lividently it has evolved several times independently, and one as- 
sumes it has done so because of the selective advantage of dispersing 
inseminated females into areas where new and unjjarasitized populations 
of hosts may lie discovered. In each case it has evolved in subfamilies 
in which winglessness is universal in the female sex. Winged females of 
Ti])hiidae and Tlethylidae also jiossess the depressed body form, short, 
spiny leg.s. and other adajitations for seeking out hosts in the soil or in 
wood. Since burrowing adaptations are widesjiread in these groujis and 
in related families such as the Scoliidae, one assumes they evolved first, 
and that loss of wings and associated thoracic reductions of the females 
of certain stocks followed (Reid, 1941). Not only may wings hamper a 
female burrowing through the soil, but if lost the body materials which 
go to make up the flight musculature may be redeployed, for example 
toward the muscidature of digging. In a few diverse stocks, there has 
been evolution toward a smaller relative size of the female and toward the 
develo])inent of diverse modifications of the genitalia permitting the males 
to carrv the females about. In these stocks the major disadvantage of 
flightlessness, namely, decreased power of dispersal, has been jxartially 
cancelled. In some elements in at least one of these stocks, there has 
developed a rotation of the genitalia such that the females are able to feed 
or to be fed by the male during the co])ulatory flight. One assumes that 
more prolonged phoretic co])ulation is thus ])Ossible. 

The reduction in the relative size of the female has an interesting 
corollarv. There is evidence that in many Hymeno])tera, fertilized. 
female-])roducing eggs are laid on larger ])rey or in nest-cells containing 
(on the average ) more prey than cells in which unfertilized, male-])roduc- 
ing eggs are laid. The restdt is that in virtually all higher Hymeno])tera 
the females are larger than the males. In the grou])s exhibiting ])horetic 
cojjulation, have the females undergone a behavioral reversal such that 
thev lav unfertilized. male-])roducing eggs on larger ju'ey, fertilized eggs 
on smaller ])rey? Or do female larvae fail to consume all their food? 

bhnally. we should ask if there are instances of fully winged Hytnen- 
optera exhibiting phoretic copulation. 1 lymeno])tera, indeed insects in 
general, show much variation in the amount of time recjtiired for mating, 
and 1 am not aware that it is known why some species are able to elYect 
insemination in a few seconds, others only after many minutes. Several 
species of wasps which are ftilly winged in both sexes are known to 
remain in copnlo for many minutes and, if disttirbed, to fly aljout. the 
larger female tisually ptilling the male behind her attached by the genitalia. 
Such behavior has been described in the etimenid was]) Monobia quadn- 
dnis by Rail (1935) and in the sjiliecid was]) Sphcnns spcciosiis by Lin 



124 



E N TOM CLOG 1 C A L X E\\^ S 



[May, ]W) 



(1966). Lin has provided ])hotographs of inatiipy pairs and has con- 
jectured that prolonged copulation may have evolved “as an adaptation 
to cons])ecilic interference by rival males" in this gregarious species. He 
suggests that the capacity to fly during mating may represent an escape 
mechanism from predators during this period of high vulneral)ility. ddie 
method of attachment of males and females in Splicriiis has not been 
studied, hut the shape of the male volsellar processes is suggestive of a 
hooking mechanism (Evans, 19661), p. 11). 

Of course, etimenids and s])hecids are by no means ancestral to the 
tiphiids and hethylids discussed earlier, and we presently know of no 
cases of what might he called “facultative ])horetic copulation" among these 
more ])rimitive wasps. However, the situation in Splicciits and Monobia 
suggests that the potential exists and i^ermits us to i)Ostulate other factors 
— rivalry of males and escape from predators — which may have been 
operative during the |)erfection of these elaborate locking mechanisms. 
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